Signalling mechanisms in sphingosine 1-phosphate-promoted mesangial cell proliferation.
The bioactive sphingolipid sphingosine 1-phosphate (S1P) is formed by the activation of sphingosine kinase (SPHK) in diverse stimuli, such as platelet-derived growth factor (PDGF). S1P acts not only as an extracellular mediator but also as an intracellular second messenger, resulting in the proliferation of various different types of cells. However, the signal transduction mechanism in S1P-induced proliferation of mesangial cells is poorly known. We examined the signalling mechanisms by which S1P and dihydro-S1P (DHS1P), another S1P receptor agonist, induce mesangial cell proliferation. We first observed that exogenous S1P/DHS1P had additive effects on the PDGF-promoted proliferation of mesangial cells. Treatment of mesangial cells with pertussis toxin almost completely inhibited S1P- and DHS1P-induced, and slightly inhibited PDGF-induced cell proliferation. Additionally, the ERK kinase inhibitor PD98059 partially blocked the proliferation of mesangial cells induced by all these ligands. N,N-dimethylsphingosine, a competitive inhibitor of SPHK, reduced PDGF-induced mesangial cell proliferation, whereas over-expression of SPHK promoted it. We also revealed that PDGF induces SPHK mRNA expression and SPHK activity, suggesting that SPHK, which links the PDGF to the S1P signalling cascade, is, at least in part, involved in PDGF-induced mesangial cell proliferation. Moreover, we found that extracellular S1P stimulates two S1P receptors, EDG3 and EDG5, which leads to cell proliferation and survival. The data show that S1P-induced mesangial cell proliferation is mediated by EDG-dependent and -independent signalling pathways. S1P may cooperate with PDGF to increase the proliferation of mesangial cells during pathophysiological processes.